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Effect of potential fluctuations on shot noise suppression in mesoscopic cavities
P. Marconcini, M. Totaro,∗ G. Basso, and M. Macucci
Dipartimento di Ingegneria dell’Informazione,
Universita` di Pisa, Via Girolamo Caruso 16, 56122 Pisa, Italy.
We perform a numerical investigation of the effect of the disorder associated with randomly located
impurities on shot noise in mesoscopic cavities. We show that such a disorder becomes dominant in
determining the noise behavior when the amplitude of the potential fluctuations is comparable to
the value of the Fermi energy and for a large enough density of impurities. In contrast to existing
conjectures, random potential fluctuations are shown not to contribute to achieving the chaotic
regime whose signature is a Fano factor of 1/4, but, rather, to the diffusive behavior typical of
disordered conductors. In particular, the 1/4 suppression factor expected for a symmetric cavity
can be achieved only in high-quality material, with a very low density of impurities. As the disorder
strength is increased, a relatively rapid transition of the suppression factor from 1/4 to values typical
of diffusive or quasi-diffusive transport is observed. Finally, on the basis of a comparison between a
hard-wall and a realistic model of the cavity, we conclude that the specific details of the confinement
potential have a minor influence on noise.
I. INTRODUCTION
In the last decades, the rapid development of nanofab-
rication techniques for sub-micron devices has led to im-
pressive advancements in the field of mesoscopic physics,
with a much better understanding of the properties of
low-dimensional conductors. Molecular beam epitaxy
(MBE) has been perfected to the point of growing ex-
treme high-quality heterostructures1,2, exhibiting low-
temperature mobilities, for the case of a 2DEG in the Al-
GaAs/GaAs material system, up to 3.5×107 cm2V−1s−1
(see Ref.2). These heterostructures represent ideal
testbeds for the study of the quantum properties of con-
fined electrons.
A field of research that has become very active in re-
cent years is the investigation of the noise properties of
mesoscopic devices. In particular, shot noise has been the
subject of significant attention3–14, because it can pro-
vide useful information about material and device prop-
erties.
The fundamental nature of shot noise, resulting from
the discreteness of charge, was recognized already at the
beginning of last century, when Schottky formulated his
well-known theorem15, according to which, in the absence
of correlation between carriers, the shot noise power spec-
tral density SI is given by the expression SI = 2e〈I〉,
where e is the electron charge and 〈I〉 the average cur-
rent in the conductor. This is a result of the Poissonian
statistics governing device traversal events. In the pres-
ence of correlations among carriers the shot noise power
spectral density does differ from Schottky’s result. Espe-
cially in mesoscopic devices, strong correlations, mainly
due to Pauli exclusion and to Coulomb interaction, lead
to considerable deviations from the Poissonian limit.
The so called Fano factor
F =
SI
Sfull
=
SI
2e〈I〉 , (1)
is defined as the ratio of the actual shot noise power spec-
tral density SI to that which would be expected from
Schottky’s formula.
In the Landauer-Bu¨ttiker formalism the Fano factor
can be expressed as16:
F =
〈∑N
i=1 Ti(1− Ti)
〉
〈∑N
i=1 Ti
〉 , (2)
where the Ti’s are the eigenvalues of the t
†t matrix, t be-
ing the transmission matrix. Averaging over an interval
of energy values is performed separately for the numera-
tor and the denominator, as discussed in Ref.17.
A conductor is said to be in the diffusive regime when
its length L is much greater than the elastic mean free
path l0 but much smaller than the localization length.
Since, in the presence of mode mixing, the localization
length is approximately equal to the elastic mean free
path times the number N of propagating modes, the dif-
fusive regime is achieved if the following inequality holds:
l0 ≪ L≪ Nl0 . (3)
It has been theoretically predicted6,18 and experimentally
observed in metallic wires7 that in such a condition shot
noise is suppressed by a factor 1/3. Achieving the dif-
fusive regime in a mesoscopic conductor obtained in the
2DEG of a semiconductor heterostructure can be rather
difficult, because of the relatively small (up to a few hun-
dreds) number of propagating modes19,20.
Chaotic cavities, characterized by constrictions that
are much narrower than the main part of the cavity, and
that connect it to two reservoirs, are another well inves-
tigated type of mesoscopic structure and have a poten-
tial for practical applications, such as detectors21,22. In
the case of a symmetric chaotic cavity, the distribution
p(Tn)cav of the transmission eigenvalues has a bimodal
shape with peaks at T = 0 and T = 1. Its expression is
given by8
p(T )cav =
1
pi
1√
T (1− T ) . (4)
2This leads to a Fano factor equal to 1/4, a result that
has also received experimental confirmation9.
This property has been often investigated in relation-
ship with the ratio of the dwell time in the cavity τD to
the characteristic quantum scattering time τQ or Ehren-
fest time23–26: if τD ≫ τQ quantum diffraction will have
sufficient time to generate a quantum chaotic, noisy be-
havior.
In several papers the achievement of quantum chaotic
dynamics has been attributed to the classically chaotic
shape of the cavity23 (a stadium, for example), to the
presence of impurities in the body of the cavity10 or of ir-
regularities in the boundary10,27,28. However, it has been
demonstrated by Aigner et al.29 and by some of us17, by
means of numerical simulations, that a Fano factor of
1/4, corresponding to the RMT result for a symmetric
cavity, is achieved also in a cavity with a perfectly reg-
ular shape, such as a rectangle, with a completely flat
potential inside, as long as the conditions on symmetry
and on the width of the constrictions (which must be
narrow enough to guarantee the presence of sufficiently
strong diffraction and a long enough dwell time for the
electrons) are satisfied. In a rectangular cavity diffrac-
tion originates from the apertures and from the corners.
Since such features have a size comparable to the Fermi
wavelength λF , the uncertainty δθ in the diffraction angle
will be rather large, being given by δθ = λF /a, where a is
the size of the scatterer30. This implies that a substantial
divergence of the trajectories can be achieved without the
help of classical chaos.
Some authors are of the opinion that, although not
necessary for the achievement of chaotic dynamics, im-
purities may contribute to approaching the regime with
a Fano factor of 1/4 if added to a cavity which, for exam-
ple, is characterized by a lower value of the Fano factor
because of too large openings. This has been discussed by
Aigner et al.29, Rotter et al.31, and Jacquod and Whit-
ney32, who, on the basis of different approaches, argue
that, as the strength of the disorder is increased, the Fano
factor for a cavity that would otherwise exhibit a stronger
suppression of shot noise tends to 1/4. However, in the
paper by Aigner et al.29 the authors observe a slight in-
crease beyond the value of 1/4 for their largest choice of
the disorder strength, but do not explore the effects of a
further increase of such a parameter, also because they
rely on an analytical expression (their Eq. (5)) according
to which the Fano factor would be given by 1/4 times the
integral of the dwell time distribution between a modified
Ehrenfest time τ˜E resulting from the contribution of dif-
fusive scattering and infinity. Based on this expression,
the noise suppression factor could at most reach 1/4, as
τ˜E → 0.
Also Jacquod and Whitney do not investigate a further
increase of the amplitude of the disorder to see whether
the Fano factor actually saturates to the limit of 1/4.
A similar conclusion is reached by Sukhorukov and Bu-
lashenko who argue24, with a rather complex calculation
based on full counting statistics, that homogeneous disor-
der in the cavity leads, as the dwell time is increased, to
the Random Matrix Theory (RMT) result and therefore,
for a cavity with symmetric constrictions, to a suppres-
sion factor of 1/4.
Here we try to gain a better understanding of the ac-
tion of disorder on the Fano factor for a cavity, using
numerical simulations, since analytical techniques based
on the ratio of the Ehrenfest time or of a modified Ehren-
fest time to the dwell time, although very powerful and
suggestive of intuitive explanations, are difficult to apply
in a rigorous fashion to practical situations in which cav-
ity confinement and diffusive or quasi-diffusive scattering
coexist. For our calculations, we consider the Gallium
Arsenide/Aluminum Gallium Arsenide material system,
in the effective mass approximation (assuming an effec-
tive mass for the electrons equal to 0.067 m0, where m0
is the free electron mass). For other material systems
(such as graphene) the effective mass approximation is
not applicable, but for structures like cavities it is still
possible to use an envelope function approximation33.
We start out with a simple model, in which the scatter-
ers, mainly corresponding to impurity charges and ion-
ized dopants, are represented with square obstacles with
a given height. We study the noise properties of the cav-
ity as a function of the scatterer strength (which in this
model corresponds to the height of the square obstacles,
and to their concentration).
In particular, we will show that, contrary to what can
be found in the existing literature, as disorder is increased
the Fano factor does not tend to 1/4, but, rather, crosses
such value without any plateau and reaches the diffusive
limit 1/3, which is also exceeded as strong localization
develops.
Then, the general validity of the results obtained from
the simple model is verified considering realistic poten-
tial fluctuations that can be found in a mesoscopic cav-
ity based on a GaAs/AlGaAs heterostructure, assuming
either a hard-wall model for the cavity or a realistic po-
tential profile, resulting from the electrostatic action of
depletion gates at the heterostructure surface.
II. NUMERICAL METHOD AND RESULTS
Transport and noise properties have been investigated
using a recursive Green’s function technique34,35, with a
representation in real space in the longitudinal direction
and over the transverse eigenmodes in the transverse di-
rection. The device is subdivided into transverse slices:
within each slice the potential is assumed to be longitu-
dinally constant, and they are initially considered to be
isolated and with Dirichlet boundary conditions at their
ends. The Green’s function of each slice can thus be an-
alytically evaluated, in the form of a diagonal matrix.
Then, two adjacent sections are connected via a pertur-
bation potential Vˆ , and the overall Green’s function is
obtained using Dyson’s equation. The recursive applica-
tion of this procedure allows us to compute the Green’s
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FIG. 1. Sketch of a 5 µm long and 8 µm wide hard-wall
mesoscopic cavity cavity with 50× 50 nm2 random scatterers
and 400 nm or 800 nm wide openings.
function of the whole structure, as well as, using a mod-
ified version34 of the Fisher-Lee relation36,37, the trans-
mission matrix. Finally, from the transmission matrix,
the conductance and shot noise power spectral density
are obtained, within the Landauer-Bu¨ttiker formalism.
We start by considering a rectangular hard-wall cavity
with a length of 5 µm and a width of 8 µm, as in the
case of the experimental device of Ref.9, with 400 nm
wide openings, containing 50× 50 nm2 randomly located
scatterers. A sketch of the resulting potential landscape
is reported in Fig. 1.
Results have been averaged over a set of 41 uniformly
spaced energy values, in a range of 80 µeV (correspond-
ing to about 10kT/e for a temperature of 100 mK, with
k being the Boltzmann constant and T the absolute tem-
perature) around a Fermi energy of EF = 9 meV, typical
of electrons in the 2DEG of a GaAs/AlGaAs heterostruc-
ture17.
We have initially considered a constant number of 1100
scatterers and we have studied the behavior of the shot
noise suppression factor as a function of their height in
the 0-20 meV range. Results are reported in Fig. 2: for a
height of the scatterers that is much less than the Fermi
energy of the electrons, there is substantially no signifi-
cant effect and the Fano factor equals 1/4, as in an ideal
cavity.
As the height of the scatterers is increased, the Fano
factor approaches the value 1/3 and seems to saturate
around it as the scatterer height grows past 10 meV.
From this result one would be tempted to conclude that,
1/3
 0.25
 0.275
 0.3
 0.325
 0.35
 0  5  10  15  20
Fa
no
 fa
ct
or
Scatterer energy level (meV)
FIG. 2. Fano factor for a 5 µm long and 8 µm wide cavity, as a
function of the height of 1100 square 50×50 nm2 square scat-
terers, for Ef = 9 meV. The cavity has 400 nm wide openings,
which, in the absence of randomly located scatterers, lead to
a Fano factor of 1/4.
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FIG. 3. Fano factor as a function of the number of scatterers,
for a 5 µm long and 8 µm wide mesoscopic cavity, with 400
nm wide openings and EF = 9 meV.
as the strength of the scatterers is increased, the noise be-
havior evolves from that typical of a chaotic cavity to that
of a diffusive conductor. However, saturation to 1/3 is
observed just because, as the height of the scatterers rises
above the Fermi level, their contribution becomes equiva-
lent to that of hard-wall scatterers of infinite height, and
therefore any further increase of their actual height has
no effect.
In order to vary the strength of the disorder in a way
that does not lead to saturation, we have acted upon on
the density of the scatterers. We have considered the
same square 50 × 50 nm2 scatterers, but with a height
of 15 meV (corresponding to a hard-wall behavior at the
considered Fermi energy) and varied their total number.
Results are shown in Fig. 3: we notice that, as the scat-
terer number increases, the Fano factor crosses the value
1/3 and rises well beyond it, due to strong localization.
In particular, the interval over which it is close to the
1/3 limit is quite narrow, and it clearly contains the pre-
viously considered value of 1100 obstacles. This is in
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FIG. 4. Probability density function of the transmission
eigenvalues, for an empty cavity (squares) and for a cavity
containing 1100 (circles) and 5600 (triangles) square scatter-
ers. For comparison, we report also the probability density
function analytically expected for an empty cavity (dashed
curve) and for a diffusive conductor (dotted curve). The in-
sets contain enlargements of the regions close to zero and
unitary transmission.
agreement with the results that we have previously re-
ported19,20 for a disordered conductor without any cav-
ity, for which we have shown that it is quite unlikely
that diffusive transport will be reached under the typical
conditions that can be found for mesoscopic structures
based on semiconductors, mainly because of the limited
number of propagating modes.
We have also investigated the probability density func-
tion of the transmission eigenvalues, which provides an
insight into the transport regime3. The interval (0,1)
of possible values of the transmission eigenvalues has
been subdivided into 200 equal subintervals and (for 81
uniformly spaced energy levels in the considered energy
range) the fraction of the N modes propagating through
the overall structure with a transmission value within
each subinterval has been evaluated. These data, divided
by the width of the subintervals, are reported in Fig. 4
for an empty cavity and for a cavity containing 1100 or
5600 square scatterers. As can be seen, increasing the
number of scatterers the fraction of transmission eigen-
values around zero increases, while the peak around one
decreases and finally disappears. In particular, we notice
that in the absence of scatterers the probability density
function is the one analytically expected for an empty
cavity (i.e. that of Eq. (4), plotted with a dashed line),
while when the Fano factor crosses 1/3 (for 1100 scatter-
ers) it approaches the behavior expected38 for a diffusive
conductor (reported with a dotted line).
For a diffusive conductor, the expected probability
density function for the transmission eigenvalues is given
by:38
p(T )diff =
1
b
1
T
√
1− T Θ(T − T0) , (5)
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FIG. 5. Fano factor as a function of energy for a 5 µm long
and 8 µm wide mesoscopic cavity, with 800 nm wide openings
and EF = 9 meV, in the presence of 1200 scatterers.
where Θ(T ) is the Heaviside step function and
T0 =
4 eb
(1 + eb)2
(6)
is chosen in such a way that the integral between 0 and 1
of p(T )diff is equal to 1 (in the absence of the Heaviside
step function it would instead diverge). The value of
the parameter b has been chosen to fit the conductance
obtained with our transport simulation for 1100 square
scatterers. In particular, the conductance in a diffusive
structure is given by
Gdiff = G0N
∫ 1
0
Tp(T )diff dT = G0N
2
b
tanh
(
b
2
)
(7)
(where G0 = 2e
2/h is the conductance quantum) and,
since from our simulations with 1100 scatterers we have
obtained G ≈ 3.89G0, we have selected the value b = 7.2
for the representation of the analytical curve.
So far we have studied the effect of disorder on a cavity
that, when clean, already exhibits a Fano factor of 1/4,
due to symmetry and to narrow enough constrictions.
Let us now move to a situation analogous to the one
investigated in Refs.31,32, in which we start from a clean
cavity with wider constrictions (800 nm) and, therefore,
with a Fano factor below 1/4.
In Fig. 5 the resulting Fano factor is reported as a
function of the scatterer height for 1200 scatterers. For
very low values of the obstacle height, the Fano factor is
below 1/4, while, when the scatterer height is increased,
it crosses the value 1/4 and approaches the value 1/3, as
in the previously discussed case of Fig. 2.
If the number of scatterers is increased beyond 1200,
the Fano factor grows above 1/3, as in the case of the
cavity with 400 nm wide constrictions. In Fig. 6 the shot
noise suppression factor is plotted as a function of the
number of scatterers.
These results confirm a few main points: a) the Fano
factor of 1/4 is achieved independent of the chaotic or reg-
ular shape of the cavity, as long as the constrictions are
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FIG. 6. Fano factor as a function of the number of scatterers,
for a 5 µm long and 8 µm wide mesoscopic cavity, with 800
nm wide openings and EF = 9 meV.
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FIG. 7. Fano factor for a 5 µm long and 8 µm wide hard-wall
mesoscopic cavity, with 400 nm wide openings, as a function
of the scale factor M multiplying the realistic potential fluc-
tuation, for 7 different impurity concentrations ND and for
EF = 9 meV.
symmetric and narrow enough; b) no disorder is needed
to achieve the Fano factor of 1/4; c) in the presence of
disorder the Fano factor rises: if originally below 1/4
crosses the value 1/4 without any appreciable plateau,
and reaches, as the disorder strength is increased, the
diffusive limit of 1/3, which is crossed, too, for choices
of the parameters typical of mesoscopic semiconductor
structures, with an increase towards 1, as the strong lo-
calization regime is approached.
In order to understand whether the results obtained so
far are of general validity, we have studied the effect of a
more realistic potential profile on shot noise suppression.
We have started by considering the same 5 µm long and
8 µm wide hard-wall mesoscopic cavity with 400 nm wide
openings, with the addition of potential fluctuations at
the level of the 2DEG resulting from randomly located
ionized dopants and charged impurities, which, at low
temperatures, represent the dominant source of scatter-
ing.
In order to evaluate their contribution to the potential
landscape at the 2DEG level, we have resorted to the
semi-analytical expression given by Stern and Howard39
for the screened potential due to a point charge located
at a distance D from the 2DEG.
We have initially computed a potential profile resulting
from ionized impurities locatedD = 40 nm away from the
2DEG, which is a realistic distance for actual heterostruc-
tures, where a spacer layer separates the dopants from
the 2DEG, in order to reduce their effect on transport.
Even without a fully self-consistent approach, the gen-
eration of such a potential is a computationally intensive
task, due to the relatively large area of the cavity. There-
fore, in order to keep the computational complexity under
control, the full computation has been performed only for
D = 40 nm, and the disorder strength has then been var-
ied by simply scaling the result by a factor M , instead of
repeating the full calculation for different values of D.
Since we are considering dopants distributed over a fi-
nite region, this leads to a fictitious minimum of the po-
tential in the middle of the structure, due to the reduced
number of dopants acting upon points in the region near
the boundaries22. In order to avoid this effect and to
keep a flat average potential, we have resorted to the ap-
proximate approach mentioned in Ref.19, including also
positive impurities, in a number equal to the negative
ones.
With this approach, the behavior of the Fano factor has
been computed for 7 different impurity densities ND, as
a function of the disorder strength scale factor M .
Results are shown in Fig. 7: as we can see, for impurity
concentrations that are typical of practical heterostruc-
tures (ND ≈ 1015 m−2) the Fano factor, which is close to
1/4 for very low values of the parameter M as expected,
rapidly increases to values well above 1/3.
As the disorder strength is raised, the curves in Fig. 7
are characterized by larger fluctuations, because the
number of modes with significant transmission decreases,
and the energy averaging that we perform is not suffi-
cient to achieve a smooth curve any longer. To make it
smoother we should perform an ensemble average over
different realizations of the random potential landscape,
which however would not be very meaningful, since it
would not correspond to what can be measured in an
actual experiment (except for the unlikely case in which
many cavities were connected together in parallel and
measured at the same time).
If we compare these results with those obtained in the
absence of the mesoscopic cavity, for a purely disordered
conductor19, we see that, although in the present case
the behavior is less smooth and the region of diffusive
transport is narrower, the Fano factor crosses the value
1/3 for about the same impurity strength. This indicates
that, also in the presence of more realistic disorder inside
the cavity, the noise properties of the whole system are
dominated by the diffusive (or better, for most values
of the disorder strength, quasi-diffusive) regions. More-
over, since the fully diffusive regime is achieved within a
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FIG. 8. Fano factor as a function of the disorder strength scale
factor M , for a 5 µm long and 8 µm wide mesoscopic cavity,
with 800 nm wide openings. The Fermi energy is 9 meV and
the donor density is 1.1× 1014 m−2.
very narrow interval of the disorder strength scale factor
M , we observe only a rapid transition of the Fano fac-
tor through the value 1/3. This behavior is very similar
to what we have previously observed in the presence of
hard-wall scatterers.
Something closer to a plateau is observed only for very
low impurity concentrations (ND = 1.1 × 1013 m−2)
and very large values of the parameter M , as shown in
Fig. 7. However, as previously demonstrated19, with this
choice of parameters the resulting potential fluctuations
appear definitely unrealistic for a semiconductor-based
device. Indeed, there would be few very large, in terms
of their extension on the 2DEG plane, scatterers, while in
GaAs/AlGaAs heterostructures typical impurities cause
very sharp and localized potential fluctuations.
Moreover, in Fig. 7 we can observe that for the lowest
considered impurity density (ND = 1.1× 1012 m−2), the
1/3 value is not reached even for very large values of the
scale factor M , which indicates that transport becomes
almost ballistic.
Then, also for this type of disorder we have consid-
ered a cavity with wider constrictions (800 nm wide,
as in the case of Fig. 6), assuming a donor density
ND = 1.1 × 1014 m−2. The results for the Fano fac-
tor as a function of the disorder strength are reported
in Fig. 8: we observe a behavior analogous to that for
the case of hard-wall scatterers, with the shot noise sup-
pression factor increasing from a value below 1/4 (since
for a null disorder scale strength factor, i.e. for a clean
cavity, the width of the constriction is not small enough
to achieve the regime characterized by a Fano factor of
1/4), crossing 1/4, reaching 1/3 and increasing beyond
1/3.
If we again compare the results reported here with
those obtained in the absence of the constrictions defin-
ing the cavity (see Ref.19), we notice that the value of 1/3
is reached for approximately the same parameter values
(ND and disorder scale strength factor), i.e. in the nar-
row interval within which the conductance satisfies the
condition of Eq. (3) for diffusive transport. This con-
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FIG. 9. Upper panel: layout of the depletion gates defining
the device; lower panel: electrostatic potential energy at the
2DEG level for a bias of −3.5 V applied to the horizontal gates
and −2.5 V to the split gates, in the presence of fluctuations
due to randomly located dopants.
firms that in conductors with strong disorder the noise
properties become almost completely independent of the
presence of the constrictions that define the cavity.
Finally, we have studied a device that is realistic also
from the point of view of the confining potential, ob-
tained by depletion gates deposited on the heterostruc-
ture surface. Such a potential is included considering the
screening effect of the 2DEG, which provides an essential
contribution.
The solution of the complete self-consistent problem
for a device with a size of several micrometers would be
very demanding from the computational point of view.
Therefore, for the evaluation of the potential profile at
the 2DEG level, we have used a semi-analytical approach
proposed by Davies et al.40. We can consider the two-
dimensional electron gas as an equipotential surface when
its kinetic energy is much smaller than the electrostatic
potential between the surface and the 2DEG. In this case,
we can solve the Poisson equation with Dirichlet bound-
ary conditions: at the surface we consider the poten-
tial equal to the gate bias under each electrode and zero
elsewhere, and at the 2DEG level the potential is as-
sumed to be constant and equal to zero. Then, combin-
ing Coulomb’s theorem and the expression for the two-
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FIG. 10. Fano factor for a 5 µm long and 8 µm wide meso-
scopic cavity with realistic confinement potential, defined by
split gates with a gap of 500 nm, as a function of the scale
factor M multiplying the amplitude of the disorder, for 7 dif-
ferent impurity concentrations ND and for EF = 9 meV.
dimensional density of states, we obtain that the screened
potential, to first order, is given by
φscr = −pi~
2
m∗
ε0εr
e2
∂φ
∂z
∣∣∣∣
z=d
(8)
with ε0 being the vacuum permittivity, εr the relative
permittivity of the semiconductor, φ the electrostatic po-
tential, d the depth of the 2DEG with respect to the sur-
face, m∗ the electron effective mass, and ~ the reduced
Planck constant.
For the potential fluctuations inside the cavity we have
used the same approach that has been previously de-
scribed.
In the upper panel of Fig. 9 the layout of the gates that
create the cavity is shown. The split gates defining the
constrictions have been designed in such a way as to have
the same number of propagating modes as in the hard-
wall cavity with 400 nm wide constrictions; this requires
a gap of 500 nm, with a bias of −2.5 V. The bias applied
to the horizontal gates is instead of −3.5 V. In the lower
panel of Fig. 9 we show the resulting potential at the
2DEG level, with the inclusion of disorder.
In Fig. 10 the Fano factor as a function of the disorder
scale factor M for 7 different impurity densities ND is
shown. The results are comparable to what we have ob-
served in Fig. 7. This indicates that the specific details
of the potential profile defining the cavity do not play an
essential role in determining the noise properties of the
whole system. Also in this case, for typical ND values
of realistic heterostructures, the Fano factor rises rapidly
from 1/4 to values well above 1/3, and a behavior close
to the diffusive one is observed only in the case of low
impurity concentrations and unrealistically large values
ofM . Once again, for ND = 1.1×1012 m−2 we can argue
that transport is almost ballistic.
III. CONCLUSION
We have performed a detailed numerical analysis of the
effect of disorder on shot noise suppression in mesoscopic
cavities, with the aim of reaching general conclusions and
clarifying issues that had been left open in the existing
literature.
Our results, while further confirming that the char-
acteristic suppression down to 1/4 of full shot noise in
symmetric mesoscopic cavities can be achieved in cavi-
ties with a regular shape and as a result of diffraction
due just to the constrictions and to the corners, makes
clear that the inclusion of disorder leads to an increase of
the Fano factor, and, as its strength is raised, a shot noise
behavior typical of disordered conductors is reached, in-
dependent of the presence of the constrictions.
In particular, for cavities with constrictions that are
narrow enough to yield, without disorder, a Fano factor
of 1/4, the addition of disorder leads to an increase of
shot noise up to 1/3 and beyond, with a plateau around
1/3 only for choices of the parameters that warrant the
achievement of the diffusive regime in a range of values of
the disorder strength. In the case of cavities with wider
constrictions, the Fano factor in the absence of disorder
is below 1/4 and, as the disorder strength is increased,
raises, crossing 1/4 without any visible plateau and then
evolving in a way analogous to that of the cavities with
narrower constrictions. This confirms that disorder does
not contribute towards the achievement of the chaotic
regime associated with the Fano factor of 1/4 in the way
predicted by the existing literature.
In the case of strong disorder, the body of the cavity
acts as a diffusive or quasi-diffusive conductor that effec-
tively separates the entrance and exit constrictions and
dominates the noise behavior.
Furthermore, from our results it is apparent that the
overall noise characteristics are not strongly dependent
on the details of the confinement potential and on the
nature of the specific disorder being considered.
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